Introduction
Recently [1] , we have studied the effect of substitu ents on the 2-position of allyl cation and anion. In this paper, we extend our work on 1-X-cyclopropyl cation [2, 3] and anion, where X is H, O", OH, NH2, CH3 N 0 2, CN, F and CHO.
This paper reports the geometry, heat of formation and electron density of 1-substituted cyclopropyl from calculations by the semiempirical MINDO-Forces MO method [4] , The molecular energy of the 1-sub stituted cyclopropyl system obtained by the semiem pirical MINDO/3 method [5] was completely opti mized according to Murtagh-Sargent minimization technique [6] . The derivative of the energy was calcu lated according to Pulay's force method [7] . A full description of the program and its application is given in [4 a],
Results and Discussion
The calculated heats of formation and electron den sities are given in Tables 1, 2 and 3 . The geometrical parameters of the system are given in Tables 4 and 5 . The calculated heat of formation (cf. Introduction of O -into the 1-position of cyclopro pyl cation causes an increase in the carbon-carbon bojid lengths CI -C2 and CI -C3, and a decrease in CCC, while OH, NH2, CH3, N 0 2 and CN as substit uents affect only little the carbon-crabgn bond lengths and produce a small decrease in CCC (Table 4) . F produces an increase in CCC and has little effect on the carbon-carbon bond lengths, similar to our recent calculations on the 2-substituted allyl cation [1] .
S t a b i l i z a t i o n by S u b s t it u e n ts
The stabilizing effect of substituents is often as sessed by using isodesmic reactions (conserve bond type) [1] . A positive heat of formation ( See Table 4 for numbering. See Table 5 for numbering.
CH3, CN and F are stabilizing while N 0 2 and CHO are only slightly stabilizing. It can be seen from Table 6 that NH, stabilizes the cyclopropyl cation more than OH because it is the strongest 7r-donor, in agreement with ab initio calculation [3] . Also, it was found that 1-hydroxycyclopropyl cation is more stable than 2-hydroxyallyl cation [1] , in agreement with the ab initio calculation [3] . Experimentally, the 1-methoxycyclopropyl cation appears to be a more stable intermediate in substitution reactions in solu tions [10] , and there is convincing evidence for the independent existence of both 1-methoxycyclopropyl and 2-methoxyallyl cations in the gas phase [11] .
E le c tr o n D e n s itie s It can be seen from Table 2 that O ", OH, F decrease the electron density on the carbon atom CI. That is, they act as electron releasing. In case of NH2, CH3, N 0 2, CN and CHO, the electron density increases on the carbon atom CI and decreases on the carbon atoms C2 and C3. That is, these substituents act as electron withdrawing. For the 7r-donating groups O", OH and NH2 the C -X bond length in 1-substituted cyclopropyl cation is shorter than that in 2-substituted allyl cation [1] , while the ^-withdrawing groups N 0 2, CN and CHO show a very slight decrease in the C -X bond length. This is because in the cyclopropyl cation the positive charge is strongly localized at the carbon atom CI (Table 2) , whereas in the allyl cation most of the charge is located on the terminal carbon atoms. Thus in the cyclopropyl cation there is a relatively empty 7r-type orbital on the carbon atom CI capable of a strong stabilizing interaction with 7r-donating substituents. This may explain why the stabilization of the cyclopropyl cation by O", OH and NH2 is so great compared to the corresponding 2-substituted allyl cation [1] , Previous ab initio orbital calculations [2, 3] have shown that the 1-hydroxy and 1-aminocyclopropyl cations are more stable, and that the 1-dimethylamino-and 1-methyl-amino-cyclopropyl cations are sufficiently stable to allow for a character ization by NMR [12] [13] [14] , 2. Effect of Substituents on the 1-Cyclopropyl Anion S t r u c t u r a l D e ta ils Introduction of the substituents O , NH2, CH3, N 0 2, CN and CHO into the 1-position of the cyclo propyl anion has little effect on the carbon carbon bond lengths CI -and CI -C3 and produces a small decrease in CCC (Table 5) , apart from OH. F increases the carbon-carbon bond lengths and de creases CCC, opposite to the effect found in the case of the cyclopropyl cation.
The stabilizing effect of substituents is also assessed by using isodesmic reactions in a similar manner to that of 1-substituted cyclopropyl cations. The results (Table 6) show that the substituents O", NH2, CH3, N 0 2, CN and CHO are stabilizing and OH and F are slightly stabilizing.
E le c tr o n D e n s itie s All the substituents produce a decrease in the elec tron densities at the carbon atom CI and an increase at C2 and C3 (Table 3) .
For the ^-withdrawing groups N 0 2, CN and CHO, the C -X bond length in 1-substituted cyclopropyl anion (Table 5 ) is shorter than that in 2-substituted allyl anion [1] , reflecting the considerable degree of double bond character, while the 7r-donating groups O", OH and NH2 produce a very slight decrease in C -X. This is because in the cyclopropyl anion the negative charge is localized at carbon atom CI (Table 3) , whereas in the allyl anion most of the charge is located on the terminal carbon atoms. This may explain why the stabilization of the cyclopropyl anion by the substituents N 0 2, CN and CHO is so great in comparison with the corresponding 2-substituted allyl anion [1] , Thus it can be concluded that 7r-donating groups interact strongly with the cyclopropyl cation, whereas ^-withdrawing groups interact strongly with the cyclopropyl anion, depending on the electron demand [1] , [15] [16] [17] [18] [19] .
